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Abstract

11
Butanol production from glycerol was investigated through Clostridium 12 pasteurianum entrapped into polyvinyl alcohol particles. Using an optimized system, batch 13 and repeated batch fermentations with free and entrapped cells were performed, 14 respectively. In both systems, glycerol samples of different purity were tested. In repeated ) compared with the free-cell process, using 17 pure glycerol. In the case of glycerol from biodiesel production, butanol productivity of addition, it has a great potential to become a new biofuel due to its advantages over other 34 simple organic bioproducts [1] . Compared with ethanol, it has 30% higher content of 35 energy and can be used in gasoline cars without special modifications of the engine [2, 3] .
36
Biobutanol can be produced by several strains of the Clostridium genus, for example C. 37 acetobutylicum, C. beijerinckii, or C. pasteurianum [4] . From an ecological perspective it is 38 essential to use waste substrates for biofuel formation such as molasses, bran hydrolysate or 39 glycerol.
40
Glycerol is a natural polyol with wide application in the pharmaceutical, cosmetic 41 and food industries [5] . Today, most glycerol comes from biodiesel production, where it is 42 formed as the main by-product. During transesterification, 10% (v/v) of fats is converted to 43 crude glycerol. Increased world biodiesel production has also influenced glycerol stock and 44 prices, which has allowed its application as a carbon source [6] . There are various species,
45
including Citrobacter, Klebsiella, Clostridium, Lactobacillus, which utilize glycerol [7] .
46
However, butanol production from glycerol is typical only for Clostridium pasteurianum. 
Strain immobilization
129
Bacteria for immobilization were prepared as described above. A total of 50 ml of 
Results and Discussion
168
The first part of the work was focused on optimizing conditions for C. pasteurianum DSM 
Optimization of repeated batch fermentations with entrapped C. pasteurianum
192
As mentioned above, PVA gel immobilization can be applied to different enzymes 193 or microorganisms. However, this entrapment technique is an aerobic process [28] .
194
Therefore it is problematic to immobilize strictly anaerobic strains using this technique.
195
The modified protocol for C. acetobutylicum [25] was applied to C. pasteurianum. (Table 2) . A significant decrease in fermentation time was observed between the first and 220 the second repetition due to the added inoculum, as mentioned above (Fig. 2) . Up to the 221 fifth batch, fermentation time and butanol productivity were relatively stable, due to the , respectively (Fig. 3) . Compared with the first batch, where the lag phase took almost To confirm the above-mentioned colonization, PVA particles were subjected to electron 244 microscopy, after propagation of the biomass. Insert Table 2 258
Compared to previous findings, the obtained average butanol productivity was 6.4 times contained residues of FFA and FAME (Table 1) [13], which correspond to results with glycerol 02. However, in the process 300 gas-stripping was used [13] , which decreased the butanol's inhibitory effect and therefore 301 enhanced production. Table 3 Comparison of repeated batch process parameters using different purity glycerol 
302
Insert
